The fundamentally social nature of humans is revealed in their exquisitely high sensitivity to potentially negative evaluations held by others. At present, however, little is known about neurocortical correlates of the response to such social-evaluative threat. Here, we addressed this issue by showing that mere exposure to an image of a watching face is sufficient to automatically evoke a social-evaluative threat for those who are relatively high in interdependent self-construal. Both European American and Asian participants performed a flanker task while primed with a face (vs control) image. The relative increase of the error-related negativity (ERN) in the face (vs control) priming condition became more pronounced as a function of interdependent (vs independent) self-construal. Relative to European Americans, Asians were more interdependent and, as predicted, they showed a reliably stronger ERN in the face (vs control) priming condition. Our findings suggest that the ERN can serve as a robust empirical marker of self-threat that is closely modulated by socio-cultural variables.
INTRODUCTION
Both evolutionary and cultural considerations suggest that humans are highly attuned to their own conspecifics (Tomasello, 1999) . This sensitivity is revealed in the fact that awareness of someone watching the selfor the awareness of social eyesplays an important role in the regulation of one's own behaviors (Kitayama et al., 2004; Na and Kitayama, 2011) . For example, when exposed to a watching face, individuals become more prosocial (Haley and Fessler, 2005; Rigdon et al., 2009) . Because self-regulation in social settings is often facilitated by knowing how others might evaluate the self, it stands to reason that at least for some people, mere exposure to social eyes might be sufficient to automatically evoke a concern about potentially negative social evaluations held by others (Leary, 1983; Dickerson and Kemeny, 2004) . Such a concern (herein called social-evaluative threat) may increase vigilance for one's errors on a task at hand. In the current work, we explored this hypothesis by using an electrophysiological signal of error monitoring called error-related negativity (ERN).
There is a general consensus in the literature that social belongingness is a fundamental human motive (Bowlby, 1988; Baumeister and Leary, 1995) . Because positive social evaluations imply social acceptance, it should not come as any surprise that these evaluations are integral to psychological well-being (Baumeister and Leary, 1995; Murray et al., 2003) . Conversely, when one is socially rejected or negatively evaluated and, thus, one's positive social image is threatened, a variety of adverse psychological and physiological reactions can follow. For example, a social-evaluative threat can lead to both a decrease in social self-esteem (Gruenewald et al., 2004) and an increase in physiological stress responses such as cortisol secretion (Dickerson et al., 2008) and production of pro-inflammatory cytokines (Kemeny and Gruenewald, 2000) . It would seem reasonable, then, that people are sometimes highly vigilant of social-evaluative threats that might present themselves. Among many social cues, an image of a watching face may signal a potential threat of this kind, insofar as there is a good chance that the watching person observes and evaluates the self (Kitayama et al., 2004; Haley and Fessler, 2005; Rigdon et al., 2009) .
Of course, this is not to say that all individuals are equally sensitive to social-evaluative threats posed by a watching face. Previous work suggests that some individuals may be more likely to draw on social evaluations such as 'honor' and 'face' in defining the self and maintaining positive self-identities. The degree to which one's self and self-identity is defined relationally, in terms of its belongingness in a meaningful social relationship, is captured by interdependent self-construal (Markus and Kitayama, 1991) . People who are high in interdependent self-construal are likely to rely heavily on social evaluations in developing and maintaining their positive self-identities. Conversely, people with independent self-construals are likely to define the self in terms of their own appraisals of the self rather than relying on evaluations held by others. Thus, it may be anticipated that those with interdependent (vs independent) self-construal will be more sensitive to social-evaluative threats (Kim and Markman, 2006) . One important corollary of this analysis is that Asians may be more likely than European Americans to be sensitive to social-evaluative threats because the former tend to be more interdependent (and less independent) than the latter (Singelis, 1994; Oyserman et al., 2002) .
The degree to which a social-evaluative threat is automatically evoked may be captured by a neurophysiological response called error-related negativity (ERN). The ERN refers to a sharp negative voltage deflection that occurs in response to error commission in choice response tasks (Falkenstein et al., 1991; Gehring et al., 1993) . The ERN is assumed to index an early, automatic detection of unfavorable outcomes , which does not necessarily rely on conscious reflection (Amodio et al., 2004) . Although the ERN is typically conceptualized as a marker of cognitive processing of error/conflict detection (Botvinick et al., 2001; Yeung et al., 2004) , recent findings suggest that it can also reflect affective reactions such as a response to threat (Hajcak, 2012; Weinberg et al., 2012) . For example, the magnitude of the ERN is positively correlated with a defensive startling response after errors, a common reaction to threatening stimuli (Hajcak and Foti, 2008) . Moreover, both negative affectivity and behavioral inhibition system (BIS), which are implicated in the sensitivity to threat (Carver and White, 1994; Gray, 1994) , are positively correlated with the ERN (Dikman and Allen, 2000; Luu et al., 2000; Boksem et al., 2006) . As may be expected, when the source of negative arousal is misattributed to a benign external factor, the ERN is reduced (Inzlicht and Al-Khindi, 2012) . Similarly, priming of religious belief systems is likely to reduce perceived threat and, as may be expected, it reduces the ERN amplitude (Inzlicht and Tullett, 2010) .
In the present work, we used an image of a watching face as a social cue signaling a potential threat to the self. We presented this image as a priming stimulus on some trials of a flanker task while monitoring participants' brain responses using electroencephalogram (EEG). If face priming were sufficient to automatically evoke a social-evaluative threat, thereby increasing vigilance for errors, especially for interdependent people, this should improve performance in the flanker task while increasing the ERN amplitude at the same time. We thus made the following three predictions.
(1) Performance of the flanker task should be better in the face priming condition than in the control priming condition, but this improvement of task performance in the face (vs control) priming condition should be more pronounced for those higher in interdependent self-construal. (2) The ERN should be larger in magnitude in the face priming condition than in the control priming condition, but this increase of the ERN in the face (vs control) priming condition should be more pronounced for those higher in interdependent self-construal. (3) Asians would be more interdependent than European Americans.
It would therefore follow that both the improvement of task performance and the increase of the ERN amplitude in the face (vs control) priming condition should be more pronounced for Asians than for European Americans. On each trial, participants were first presented with a priming stimulus (see Figure 1A for sample images) for an average of 90 ms (jittered between 70 and 110 ms). Each priming stimulus was presented at the center of the screen with a visual angle of 2.2 Â 2.28. The priming stimulus was followed by a fixation cross, which stayed on the screen for an average of 350 ms (jittered between 300 and 400 ms). The fixation cross was immediately followed by one of the four arrowhead sequences. Each arrowhead sequence occupied 0.48 of visual angle vertically and 2.28 horizontally. It was presented centrally for 100 ms in white on black background. Participants were instructed to press one of two designated keys with the left or right index finger in accordance with the direction of the center arrowhead. They were given a maximum of 800 ms to respond. Eight-hundred milliseconds after the response, the next trial started (see Figure 1B for trial structure). At the end of each block, a feedback screen was displayed. When the accuracy in a given block became higher (lower) than 90%, participants were encouraged to respond faster (more accurately) in the next block.
METHOD
Face images were created by FaceGen Modeller 3.3 (Singular Inversions Inc.). To eliminate any effects of in-vs out-group status of the priming faces, we created race-neutral morphed faces that included 50% Caucasian and 50% Asian faces. We scrambled the morphed face images to create scrambled face images. House images were adopted from Polk et al. (2007) . The two control conditions (i.e. scrambled face and house) did not differ significantly in all analyses below, so they were subsequently combined.
Physiological recording and processing
The EEG was recorded with 64 electrodes placed according to the extended International 10/20-System in a nylon cap, and referenced to the left mastoid. The electro-oculogram (EOG) was recorded from additional channels at the outer canthi of both eyes and above and below the left eye. EEG and EOG signals were amplified with a band-pass of DC to 100 Hz by the BioSemi ActiveTwo system, and sampled with 512 Hz. All data were re-referenced to the averaged left and right mastoid, and re-sampled at 256 Hz. Response-locked ERP was obtained by extracting an epoch beginning 500 ms before the response and ending 1000 ms after the response. The data were baseline corrected by using 150-50 ms pre-response voltage. Trials with EEG recordings exceeding 500 V were eliminated, 1 and the EEG was corrected for ocular artifacts (Gratton et al., 1983) . A low-pass filter with a half-amplitude cutoff at 30 Hz was applied. The EEG recordings for correct and incorrect responses were averaged separately. The ERN was quantified as the mean amplitude between 50 ms before and 50 ms after the incorrect response at the frontocentral midline electrode (FCz).
Post-experimental questionnaire
Next, participants filled out a 20-item self-construal scale that was composed of selected items from the scales by Singelis (1994) and Takata (1999) (Appendix 1). Participants were asked to rate how much they agree or disagree with each statement on a 7-point scale (1 ¼ strongly disagree, 7 ¼ strongly agree). The scale yields separate scores for independent self-construal (s ¼ 0.60 and 0.68 for Asians and European Americans, respectively) and interdependent selfconstrual (s ¼ 0.79 and 0.57). We also assessed personality variables that are linked to the ERN. In particular, we assessed neuroticism by asking participants to rate their agreement for each of the 48 items (e.g. I often feel inferior to others, I often do things on impulse) on a 5-point scale (1 ¼ strongly disagree, 5 ¼ strongly agree) [NEO Personality Inventory-Revised (NEO PI-R), Costa and McCrae, 1992 ; s ¼ 0.95 and 0.94]. Participants also completed the self-consciousness scale (Fenigstein et al., 1975) , which was composed of three subscales: private self-consciousness (e.g. I'm always trying to figure myself out; s ¼ 0.78 and 0.80), public self-consciousness (e.g. I usually worry about making a good impression; s ¼ 0.63 and 0.79) and social anxiety (e.g. I feel anxious when I speak in front of a group; s ¼ 0.76 and 0.82). Participants indicated the extent to which each statement was characteristic of them on a 5-point scale (1 ¼ extremely uncharacteristic, 5 ¼ extremely characteristic). Means and standard deviations of the questionnaire measures are presented in Table 1 .
RESULTS

Behavioral data
The post-experimental questionnaire showed that European Americans were more independent than Asians [4.06 vs 3.21, Our analysis implies that face priming would pose a social-evaluative threat to those with interdependent self-construal. When threatened this way, people would become more vigilant to their errors and try to avoid them. To test this analysis, we captured the degree to which face priming improved task performance by subtracting the accuracy in the face priming condition from the accuracy in the control priming condition to yield a measure of the face priming effect. Positive values indicate an improved performance in the face (vs control) priming condition. Next, as in prior work in this area Na and Kitayama, 2011) , we subtracted the independence score from the interdependence score to yield a single index of interdependence (vs independence), because the two subscales were negatively correlated (r ¼ À0.59, P < 0.001). Positive values indicate greater interdependence (vs independence). This procedure was considered necessary to address potential acquiescence bias that can result from the fact that the self-construal scale has no reverse-coded items. One Asian participant was excluded from this analysis because she did not complete the booklet that contained the self-construal scale. Cultural neuroscience on face-induced facilitation of error processing SCAN (2014) 203 As predicted, the face priming effect on accuracy was significantly correlated with interdependent self-construal (r ¼ 0.43, P < 0.01). As shown in Figure 2A , as a function of interdependent self-construal, performance tended to improve in the face (vs control) priming condition. This is in line with the hypothesis that interdependent individuals are threatened by social eyes and, as a consequence, they become more vigilant for their own errors in the task and tried to avoid them. The correlation between the face priming effect on accuracy and interdependent self-construal remained significant when trait social anxiety, private and public self-consciousness and neuroticism were controlled (r ¼ 0.38, P < 0.05) (see Table 2 for zero-order correlations between the face priming effect and the personality measures).
As shown in Figure 2A , the relationship between interdependent self-construal and the face priming effect on accuracy was similar within each cultural group (rs ¼ 0.25 and 0.29 for Asians and European Americans, respectively), although it was no longer significant when analyzed separately within each culture, most likely due to reduced sample size. As predicted by the fact that Asians were significantly more interdependent (vs independent) than European Americans [0.59 vs À 0.74, F(1,34) ¼ 32.68, P < 0.001, There was no comparable effect in response time; the face priming effect on response time was neither correlated with interdependent self-construal nor predicted by cultural backgrounds of the participants.
ERN
When people are threatened during the flanker task and thus become vigilant of their own errors, they may be expected to show an increased neural response to those errors. We thus calculated the degree to which face priming increased the magnitude of the ERN by subtracting the face priming condition ERN from the control priming condition ERN. Positive values indicate larger ERNs in the face (vs control) priming condition. As Figure 2B illustrates, the face priming effect on the ERN was significantly predicted by interdependent self-construal (r ¼ 0.39, P < 0.05). As interdependent self-construal increased, the ERN in the face (vs control) priming condition also increased. This provides support for the hypothesis that interdependent people are threatened by social eyes, which in turn increases neural reactions to errors they make. The correlation between the face priming effect on the ERN and interdependent self-construal remained significant when trait social anxiety, private and public self-consciousness and neuroticism were controlled (r ¼ 0.40, P < 0.05).
As shown in Figure 2B , however, when the relationship between interdependent self-construal and the face priming effect on the ERN was analyzed separately within each cultural group, it was marginally significant for Asians (r ¼ 0.47, P < 0.06), but not for European Americans (r ¼ À0.13, n.s.). It is not clear why the correlation was negligible for the European American group. One possible reason is that the range of interdependence was relatively narrow for European Americans, which might have made it more difficult to detect the relationship with the face priming effect on the ERN. Nevertheless, in support of the proposition that the face priming effect on the ERN increases as a function of interdependent self-construal, this effect was significantly larger for Figure 3 . As can be seen, the ERN magnitude was larger in the face priming condition than in the control priming condition for Asians. However, the pattern was reversed for European Americans. They showed greater ERN amplitudes in the control priming condition than in the face priming condition. Although this reversal was only marginally significant (see above), it became significant once we controlled for the condition difference in accuracy in the analysis of the ERN [F(1,17) ¼ 6.45, P < 0.05, 2 p ¼ 0.28]. We will return to this curious reversal effect in Discussion section.
As noted above, interdependent self-construal was significantly higher for Asians than for European Americans (0.59 vs À0.74). Moreover, for Asians we found that self-construal was correlated, albeit marginally, with the face priming effect on the ERN. We thus estimated what face priming effect Asians might show if their interdependence score were equal to the average score for the current sample of European Americans (¼ À0.74). This estimate of face priming effect for Asians (¼ À1.04) was virtually identical to the mean face priming effect for European Americans (¼À0.73, F < 1).
3 This pattern is consistent with the supposition that Asians showed the face priming effect that was opposite of the effect shown by European Americans because they were predominantly more interdependent (vs independent).
Given our assumption that both improved performance and increased ERN represent a response to face priming, it might seem sensible to anticipate that the two effects should be tightly correlated. Surprisingly, however, the correlation between the two face priming effects turned out to be virtually zero (r ¼ À0.03, n.s.).
DISCUSSION
Face, social-evaluative threat and the self Face is a prominently social cue, which can signal that the self is being observed by others. Social observation like this implies social evaluation, which in turn can evoke a social-evaluative threat to the self, especially for those who are interdependently oriented. Our work is the first in the literature to test this analysis with both a behavioral measure (task performance) and a neurocortical response (ERN). Both of them are thought to capture an enhanced vigilance for one's errors on a task at hand. To the extent that mere exposure to a watching face is sufficient to evoke a social-evaluative threat to the self, task performance should improve and, simultaneously, the ERN should be amplified. We showed, as predicted, that these effects do occur, but importantly they do so only to those who define themselves in interdependent terms.
More specifically, we first assessed the degree to which performance in the flanker task improved in the face priming (relative to the control priming) condition. As expected, the face priming effect on accuracy was significantly correlated with interdependent (vs independent) self-construal. This correlation remained unchanged when pertinent personality variables such as neuroticism, private and public
2
The pattern here, showing a cultural influence on interdependence, which in turn leads to the face priming effect on accuracy, implies a mediation of the cultural difference on the face priming effect by interdependence. This interpretation of the data, however, should be espoused with caution because the implied mediation fell short of the conventional level of statistical significance; the 95% bias-corrected bootstrap confidence interval does include zero (À0.028, 0.001).
self-consciousness and social anxiety were controlled. Second, as also predicted by the hypothesis that Asians are more interdependent than European Americans, we observed that the face priming effect on accuracy was significantly positive for Asians, indicating their improved task performance in the face (vs control) priming condition. This effect, however, completely vanished for European Americans. Third, when a comparable analysis was carried out on the ERN, the face priming effect was significantly correlated with interdependent (vs independent) self-construal. This correlation remained statistically significant when the relevant personality variables were controlled. Fourth, as also predicted, the face priming effect was significantly positive for Asians, meaning that face priming increased Asians' ERN magnitude, relative to control primes. Curiously, this face priming effect on the ERN was reversed for European Americans with the ERN weaker in the face (vs control) priming condition.
Task performance and error monitoring: distinct coping strategies? It is noteworthy that the face priming effect was observed, not only in the behavioral task performance, but also in the error-related brain activity. The ERN is a neural signal that is known to occur automatically even outside of one's awareness (Amodio et al., 2004) with close connections to subcortical reward processing systems (Holroyd and Coles, 2002; Münte et al., 2008) . The current finding that such a rapid brain processing was modulated by cultural backgrounds of the participants as a function of interdependent (vs independent) self-construal may indicate the existence of neural mechanisms that are recruited automatically whenever the social self is threatened. Furthermore, it demonstrates that social environments play a critical role in regulating not only high-level psychological processes such as behavioral tendencies but also low-level neural activities such as error processing.
Given this line of analysis, however, it would seem puzzling that we observed that the two measures of social-evaluative threats (task performance and the ERN) did not correlate with one another. We speculate that this finding might indicate an important individual difference in strategies used to deal with social-evaluative threats. When confronted with such a threat, people might vary in both the extent to which they would work harder on a task at hand (as revealed in improved task performance) and the extent to which they would monitor their errors more closely (as revealed in enhanced ERN amplitude). The near-zero correlation we observed between the face priming effect in task performance and the comparable effect in ERN might imply that the propensities to use one or the other strategy to deal with the threat are nearly independent of one another. In this interpretation, the performance measure and the ERN measure might be conceptualized as indices of active and defensive coping styles, respectively (Roth and Cohen, 1986; Aldwin, 1999) . Future work should follow up this The scatterplots with interdependent (vs independent) self-construal on the x-axis and the face priming effect (A: accuracy, B: ERN) on the y-axis. The x-axis shows the difference score between interdependent self-construal and independent self-construal (i.e. interdependent self-construalindependent self-construal). Interdependent (vs independent) self-construal was positively correlated with both face priming effects (accuracy: r ¼ 0.43, P < 0.01; ERN: r ¼ 0.39, P < 0.05). Private self-consciousness 0.75*** 0.07 8.
Public self-consciousness 0.18 9.
Social anxiety
Note. Interdependence vs independence indicates the difference score subtracting independent self-construal from interdependent self-construal. *P < 0.05, ***P < 0.001.
Cultural neuroscience on face-induced facilitation of error processing SCAN (2014) 205 possibility. For example, this analysis would receive support if it could be shown that the active coping is related to social adjustment while the defensive coping is not.
Face priming effect among European Americans
While our data are generally consistent with the theoretical analysis presented earlier, it raises some new questions. One such important question concerns the European American responses to face priming. Remember we anticipated that the face priming effect would be weaker for European Americans because they are relatively less interdependent. The result from the performance measure was consistent with this prediction. However, unexpectedly, the face priming effect was significantly reversed for the ERN measure; European Americans showed even greater ERN amplitudes in the control priming condition than in the face priming condition. Two observations suggest that this reversal must be interpreted with caution. First, no comparable effect was evident in the analysis of the performance measure and second, the observed reversal of the face priming effect on the ERN became statistically significant only when the condition difference in accuracy was statistically controlled. Nevertheless, this effect could indicate that for those with independent selves, social eyes might automatically initiate motivation to counter any evaluation apprehension, supposedly because such apprehension could expose the vulnerability of the self to social evaluations, thus compromising the sense of the self as independent and autonomous. Such defensive mechanisms, if operative, might diminish any vigilance to one's errors on the task at hand. This might explain why an exposure to such eyes reduced the ERN amplitude for European Americans. This issue must be further examined in future work. The issue surrounding the European American response to watching faces is further complicated by a recent finding by Hajcak et al. (2005) . These researchers examined effects of social observation on the ERN magnitude. Specifically, in their study, the experimenter stood right next to the participants who performed a flanker task. Furthermore, the participants had been explicitly informed that the experimenter would be evaluating their performance. Thus, evaluation apprehension was explicitly induced. Under this condition, the participants showed a reliably increased ERN relative to a control condition where they performed the task in a private setting. Because the participants who were tested are likely to be predominantly European Americans, we may suggest that even independent selves feel threatened, thereby producing large error signals, when evaluation apprehension is explicitly activated by a social observer.
Thus, what distinguishes interdependent selves from independent selves may lie in the fact that interdependent selves are more sensitive to subtle social cues implying a social-evaluative threat, such that they automatically experience evaluation apprehension when they are merely 'seen' by others. Consistent with this analysis, Ishii et al.'s (2010) report, also with an ERP as their dependent variable that interdependent people become especially sensitive to emotional vocal tones (which often convey interpersonal attitudes; Zuckerman et al., 1982; Ambady et al., 1996) , when exposed to schematic faces that would appear to be watching them.
Self-threat and the ERN
In the current work, we reasoned that for those with interdependent selves, social eyes are self-threatening because they evoke social-evaluative concerns. Because of the threat, people increase vigilance to their own errors in a task at hand. According to this analysis, the ERN is a proxy for perceived self-threat. This of course is not to say that cognitive functions of conflict monitoring and error detection, which are often ascribed to the ERN (Botvinick et al., 2001; Yeung et al., 2004) are unimportant. To the contrary, affective and motivational processes are likely to intensify such cognitive functions that do exist (Hajcak, 2012; Inzlicht and Al-Khindi, 2012; Kitayama and Park, 2012; see Weinberg et al., 2012 for a review). Future work should more closely examine interactions between the cognitive and the affective or motivational functions of the ERN to achieve a better understanding of mechanisms underlying error processing.
Although the current work focused exclusively on a social-evaluative threat experienced by interdependent selves, we do not wish to imply that independent selves are immune from any self-threat. To the contrary, previous work strongly suggests that independent selves tend to experience a strong threat to the self when positive qualities of one's internal features such as abilities and personality traits are questioned (Miller and Ross, 1975; Campbell and Sedikides, 1999) . Independent selves may well show an increased ERN under such conditions. Another type of threatening situation happens when individuals anticipate to be negatively evaluated by other people because of their membership in a stigmatized group. This state of stereotype threat (Steele et al., 2002) may also produce an increased ERN. Future work addressing these possibilities might demonstrate that the magnitude of the ERN can be taken as a proxy of threat-in-general to the self.
CONCLUSION
Our findings can be located squarely at the intersection of social and cognitive neuroscience and cultural psychology. They therefore contribute to the emerging interdisciplinary field of cultural neuroscience (Han and Northoff, 2008; Kitayama and Park, 2010; Kitayama and Uskul, 2011; Chiao, 2011) . Using various ERP components, including P300 (Lewis et al., 2008) and N400 (Goto et al., 2010; Ishii et al., 2010) , researchers have observed sizable cultural differences in brain responses. So far, however, much of this evidence is confined to contextual processing, with Asians shown to be more holistic in attention, as compared to European Americans. The present work provides novel evidence that the ERN can be used as a neural correlate of a socialevaluative threat. Moreover, our evidence is consistent with the hypothesis that interdependent people are quite sensitive to such threat when seen by others. Last, but not least, along with other related studies with face stimuli (Grasso et al., 2009; Sui et al., 2009) , the current work indicates that automatic evaluations of a watching face are already inseparably intertwined with a network of neural processing that is attuned to culturally unique contingencies of social life (Kitayama and Park, 2010; Kitayama and Uskul, 2011) .
